Human leukocyte elastase (HLE), a polymorphonuclear neutrophil (PMN) serine proteinase, is proteolytically active on some membrane receptors at the surface of immune cells. The present study focused on the effect of HLE on the expression of CD14, the main bacterial lipopolysaccharide (LPS) receptor at the surface of monocytes. HLE exhibited a time-and concentration-dependent downregulatory effect on CD14 surface expression. A 30-minute incubation of 3 µM HLE was required to display 95% disappearance of the receptor. This downregulation resulted from a direct proteolytic process, not from a shedding consecutive to monocyte activation as observed upon challenge with phorbol myristate acetate (PMA). To confirm that CD14 is a substrate for HLE, this enzyme was incubated with recombinant human CD14 (M r ~ 57,000), and proteolysis was further analyzed by immunoblot analysis.
Introduction
Although polymorphonuclear neutrophils (PMNs) are major contributors to host defense against infectious agents, they are a double-edged sword (1) . PMNs are necessary to contend against infections through phagocytosis and destruction of microorganisms, but paradoxically, they are also important effectors of inflammation, particularly through proteolytic enzymes that they release into the extracellular space during phagocytosis (2) . One of these enzymes is human leukocyte elastase (HLE), a serine proteinase that has been linked to the pathogenesis of a variety of inflammatory diseases, including different lung pathologies such as bronchiectasis, cystic fibrosis, acute respiratory distress syndrome (ARDS), bronchitis, and emphysema (3, 4) . This is the consequence of extensive proteolysis of extracellular matrix molecules such as collagens, fibronectin, laminin, proteoglycans, and more importantly elastin, an abundant component of the lung parenchyma (5) . HLE can also affect the epithelium and endothelium by increasing cellular permeability (6, 7) and, more dramatically, by inducing cell lysis (8, 9) . Moreover, HLE stimulates secretion from airway gland cells (10) , activates granu-locyte-macrophage colony-stimulating factor (GM-CSF) release (11) , and induces interleukin-8 gene expression (12) in bronchial epithelial cells. Thus, HLE has a broad spectrum of proinflammatory activities.
In contrast, several recent reports have suggested HLE's possible involvement in anti-inflammatory processes. For example, HLE has been shown to decrease the adhesion of PMNs through its binding to the integrin α M β 2 (13) . Our group has also previously demonstrated that HLE inhibits thrombin-induced cell activation through a specific proteolysis and deactivation of the seven-transmembrane domain thrombin receptor (14) , a receptor known to be involved not only in hemostasis and thrombosis but also in inflammation (15) . In addition, HLE may potentially be involved in the downregulation of inflammation through the cleavage of a number of cellsurface molecules. For instance, HLE has been shown to reduce the surface expression of different receptors such as CD2, CD4, and CD8 on lymphocytes (16) , and CD16 (17) , CD43 (18) , and the 75-kDa form of the tumor necrosis factor-α (TNF-α) receptor (19) on PMNs.
The potential physiopathological importance of these proteolytic effects of HLE at the surface of immune cells prompted us to examine the possibility that mononuclear phagocytes could also be a target for this enzyme.
Human leukocyte elastase (HLE), a polymorphonuclear neutrophil (PMN) serine proteinase, is proteolytically active on some membrane receptors at the surface of immune cells. The present study focused on the effect of HLE on the expression of CD14, the main bacterial lipopolysaccharide (LPS) receptor at the surface of monocytes. HLE exhibited a time-and concentration-dependent downregulatory effect on CD14 surface expression. A 30-minute incubation of 3 µM HLE was required to display 95% disappearance of the receptor. This downregulation resulted from a direct proteolytic process, not from a shedding consecutive to monocyte activation as observed upon challenge with phorbol myristate acetate (PMA). To confirm that CD14 is a substrate for HLE, this enzyme was incubated with recombinant human CD14 (M r ∼ 57,000), and proteolysis was further analyzed by immunoblot analysis. Cleavage of the CD14 molecule was directly evidenced by the generation of short-lived fragments (M r ∼ 47,000 and 30,000). As a consequence of the CD14 proteolysis, a decrease in the responsiveness of monocytes to LPS was observed, as assessed by measuring tumor necrosis factor-α (TNF-α) formation. This inhibition was only observed with 1 ng/ml of LPS, i.e., when only the CD14-dependent pathway was involved. At a higher LPS concentration, such as 10 µg/ml, when CD14-independent pathways were operative, this inhibition was overcome. The direct proteolysis by HLE of the membrane CD14 expressed on monocytes illustrates a potential anti-inflammatory effect of HLE through inhibition of LPS-mediated cell activation.
Monocytes and macrophages are of utmost interest because they are active participants in the first line of defense against infection by killing pathogens and scavenging dead cells. Indeed, monocytes and macrophages not only function as mere phagocytic cells, but they are also highly sophisticated, flexible cells that produce an array of mediators and play a role in immunity, inflammation, tissue repair, and blood coagulation (20) .
CD14, a 55-kDa glycoprotein that is anchored by glycosylphosphatidylinositol (GPI) and expressed predominantly at the surface of monocytes and macrophages, is the main receptor for lipopolysaccharide (LPS), a glycolipid of the outer membrane of Gram-negative bacteria (21) . Activation of monocytes and macrophages through CD14 leads to the formation of numerous inflam matory mediators implicated in diseases such as rheumatoid arthritis, sepsis, or ARDS -different pathologies in which HLE is also present. At least two studies led us to consider the mononuclear phagocytes, and more specifically the membrane CD14 molecule, as a putative target for HLE. First, Campbell (22) reported that HLE binds to specific sites on alveolar macrophages; then Bazil and Strominger (23) demonstrated that exposure of monocytes to phorbol myristate acetate (PMA) induced a loss of the surface expression of CD14. This effect was shown to be associated with a concomitant release of a soluble form of this antigen (sCD14), a process likely mediated by serine proteinases because specific inhibitors prevented this receptor from shedding. These considerations led us to examine a potential effect of HLE on the CD14 expressed on monocytes, an effect that may occur at sites of inflammation where both activated neutrophils and mononuclear phagocytes are present.
Methods
Reagents and antibodies. Blood was obtained from the Etablissement de Transfusion Sanguine (Paris, France). LPS from Escherichia coli 055:B5 (Sigma Chemical Co., St. Louis, Missouri, USA) was dissolved and sonicated 1 min in sterile saline solution and frozen in aliquots. Eglin C was generously provided by H.P. Schnebli (Novartis, Basel, Switzerland). PMA, phorbol 12,13-didecanoate (PDD), and the proteinase inhibitor PMSF were obtained from Sigma Chemical Co. Phosphatidylinositolphospholipase C (PI-PLC) from Bacillus cereus was purchased from Boehringer Mannheim (Mannheim, Germany). Control monoclonal mouse IgG 2b antibody was from Biodesign International (Kennebunk, Maine, USA), and FITC-conjugated goat anti-mouse IgG antibody was from DAKO (Copenhagen, Denmark). Reagents for SDS-PAGE were purchased from Bio-Rad Laboratories Inc. (Hercules, California, USA). Nitrocellulose membranes (0.45-µm pores) were from Schleicher and Schuell (Dassel, Germany). Recombinant human CD14 in serum-free culture supernatant of CHO-transfectants was purchased from Biometec (Greifswald, Germany). A peroxidase-linked donkey anti-rabbit Ig antibody was from Amersham (Little Chalfont, UK). Anti-human CD14 antibodies used in this study included a rabbit anti-CD14 polyclonal antibody kindly supplied by P. Detmers (Rockefeller University, New York, New York, USA) and MY4, a murine monoclonal anti-CD14 antibody obtained from Coulter Corp. (Miami, Florida, USA). HLE was purified as described previously (24) . To block the catalytic site of HLE, the purified proteinase was incubated for 60 min at 25°C with 1.25 mM PMSF, and the mixture was subsequently dialyzed to remove the free inhibitor. PMSF-treated HLE was shown to be proteolytically inactive by testing the lack of hydrolysis of its specific synthetic substrate, N-succinyl-(Ala) 3 -p-nitroanilide (Sigma Chemical Co.).
Purification of human monocytes. Monocytes were purified from blood collected on heparin and acid citrate dextrose. Blood (2
Figure 1
Effect of HLE on the surface expression of CD14 on human monocytes. Monocytes were treated with 1 or 3 µM HLE or 3 µM HLE-PMSF for 30 min at 37°C, and reactions were stopped as described in Methods. Binding of the MY4 antibody or a matched isotype was then analyzed by flow cytometry. vol) was mixed with 3% (wt/vol) dextran in saline solution (1 vol) , and erythrocytes were allowed to sediment for 30 min. The leukocyte-rich supernatant was removed and loaded on FicollPaque gradients (Pharmacia Biotech AB, Uppsala, Sweden). After centrifugation at 300 g for 45 min at 25°C, peripheral blood mononuclear cells (PBMCs) were collected and washed with RPMI-1640 medium containing antibiotics (GIBCO BRL, Paisley, Scotland). After centrifugation at 300 g for 10 min at 25°C, the pellet was resuspended in RPMI-1640 medium with 3% (vol/vol) FCS (Boehringer Mannheim) to a density of 4 × 10 6 cells/ml. Monocytes were separated from lymphocytes by allowing monocytes to adhere to plastic dishes (Corning-Costar Corp., Cambridge, Massachusetts, USA) for 1 h at 37°C. After removal of nonadherent cells, monocytes were washed again with RPMI-1640 medium. When required, the amount of cell proteins in each well was evaluated using the BCA Protein Assay from Pierce Chemical Co. (Rockford, Illinois, USA).
TNF-α and CD14 concentrations measurement by ELISA. TNF-α and CD14 concentrations in the supernatant of treated monocytes were determined as described previously (25) and by using a commercial sandwich enzyme immunoassay according to the manufacturer's protocol (ICN Radiochemicals Inc., Costa Mesa, California, USA), respectively.
Flow cytometry analysis. At the end of the incubation periods of monocytes under various conditions, reactions were stopped by addition of 20 µM eglin C, an inhibitor of HLE. Cells were then washed twice with HBSS (GIBCO BRL) and incubated with 1.5 ml of cold HBSS containing 0.1% (wt/vol) BSA. Plates were then left on ice for 15 min to facilitate cell detachment. Then, cells were resuspended by vigorous pipetting, centrifuged at 300 g for 10 min at 4°C, and fixed with 1% (vol/vol) formaldehyde for 30 min at room temperature. After fixation, cells were added to conical bottom 96-well plastic plates (Nunc A/S, Roskilde, Denmark) at 1.5 × 10 5 cells per well. Next, plates were centrifuged at 80 g for 5 min at 4°C, and monocytes were subsequently incubated with MY4 (1 µg/ml) or with matched IgG 2b control antibody for 30 min at 4°C. Cells were centrifuged again at 80 g for 5 min at 4°C and washed twice with HBSS before incubation for 30 min at 4°C with the FITC-labeled anti-IgG antibody (5 µg/ml). Finally, monocytes were centrifuged and washed as described above and resuspended in the same buffer.
Samples were analyzed using a FACScan cytometer (Becton Dickinson Immunocytometry Systems, Mountain View, California, USA). Binding of MY4 antibody to its specific CD14 epitope at the surface of monocytes was expressed as the percentage of the median fluorescence intensity over control values measured on untreated cells after subtraction of the background binding, which was measured with the control isotype antibody.
SDS-PAGE and immunoblot analysis. At the end of the exposure of monocytes to HLE in plastic dishes, eglin C was added to block the enzymatic activity. Supernatants were removed and monocytes were solubilized as described previously (26); disulfide bonds were reduced by adding 5% (vol/vol) 2-mercaptoethanol. SDS-PAGE was subsequently performed according to the Laemmli procedure (27), using 10 µg of total monocyte proteins.
Electrophoresis was performed after loading each well on a 10% acrylamide gel. Proteins were electrotransferred to nitrocellulose membranes (26) and probed by the rabbit polyclonal anti-CD14 antiserum diluted 1:1,000. Then membranes were probed with an anti-rabbit IgG, horseradish peroxidase-linked donkey antibody diluted 1:2,000, washed, and subsequently incubated with ECL detection reagents (Amersham) before exposure to Kodak X-Omat AR films (Kodak-Pathé, Paris, France). For M r determinations, polyacrylamide gels were calibrated using standard proteins (Bio-Rad Laboratories Inc.) with M r within the range of 14,400 to 200,000.
Statistics. Results are expressed as mean ± SEM for the indicated number of independently performed experiments. Statistical significance between the different values was analyzed by the Student's t test for unpaired data with a threshold of P ≤ 0.05.
Results

Effect of HLE on the surface expression of CD14 on human mono-
cytes. An alteration of CD14 expression by the PMN serine proteinase HLE was evaluated by flow cytometry analysis using the MY4 monoclonal antibody. As shown in Figure  1a , the mean value of the median fluorescence intensity (MFI) was 302.2 ± 124.7 for MY4 vs. 27.2 ± 2.6 for the control IgG, indicating a strong expression of CD14 at the surface of monocytes (n = 3). When these cells were incubated for 30 minutes with two different concentrations of HLE, 1 and 3 µM, a significant concentration-dependent decrease of the expression of this monocyte-associated antigen was observed (Figure 1b) . Thus, MFI was 72.3 ± 15.9 and 45.8 ± 12.9 for 1 and 3 µM HLE, respectively (n = 3). By contrast, no decrease in the level of CD14 expression was observed after a 30-minute exposure to 3 µM PMSFinactivated HLE, the fluorescence intensity being the same
Figure 3
Immunoblot analysis of CD14 expression by human monocytes. Monocytes were untreated (NS) or treated with 3 µM HLE, 0.6 U/ml PI-PLC, 15 nM PMA, or 15 nM PDD for 30 min at 37°C. Reactions were stopped with 20 µM eglin C, and monocytes were immediately solubilized with Triton/SDS. After SDS-PAGE on 10% acrylamide gels and transfer to nitrocellulose membranes, samples were probed with a polyclonal anti-CD14 antibody. In addition, the same samples were probed with an anti-β-actin antibody to control the equal loading of the different wells. Relative molecular mass was calculated with respect to calibration-standard proteins included in the gel. PDD, phorbol 12,13-didecanoate; PI-PLC, phosphatidylinositol-phospholipase C; PMA, phorbol myristate acetate. as for untreated monocytes (MFI = 323.1 ± 114.1; n = 3). The kinetics of disappearance of the surface expression of CD14 ( Figure 2 ) showed that after a 15-minute exposure of the cells to HLE, values dropped to ≈40% of the initial value and to ≈95% by 30 minutes. Note that 3 µM HLE did not trigger a cytotoxic effect, as determined by the lack of significant lactate dehydrogenase release in the medium at the end of the incubation period. At this stage, several possible mechanisms could account for the loss of CD14 from the cell surface: (a) CD14 was internalized; (b) HLE stimulated monocytes with, as a consequence, the activation of an endogenous protease that secondarily induced the shedding of CD14 in the extracellular medium; and (c) HLE directly removed the CD14 molecule from the cell surface through a proteolytic process. Experiments were therefore performed to elucidate which mechanism was specifically involved.
Immunoblot analysis of CD14 expression by human monocytes. Figure 3 illustrates an immunoblot analysis of monocyte-associated CD14 upon different cell treatments. Considering untreated cells, the antigen runs as a major band with M r ∼ 57,000. As a positive control, experiments were performed with PI-PLC, an enzyme that specifically removes GPI-anchored proteins from the cell surface (28); as expected, a strong reduction in the expression of cell-associated CD14 was observed. Another positive control was performed using PMA, which is known to trigger the shedding of membrane CD14 through monocyte endogenous proteinases (23) . Here again, the CD14 band was not detected. By contrast, an inactive phorbol analogue of PMA, PDD, had no effect. Monocyte treatment with 3 µM HLE led to a complete loss of the CD14 antigen. Equal loading of the different samples was demonstrated by probing transferred membranes with an anti-β-actin antibody. This absence of CD14 recovery from HLE-treated monocytes thus allowed us to rule out a possible internalization as a putative mechanism for its reduced cell-surface expression.
Effect of HLE on the modulation of CD14 surface expression after formaldehyde treatment of monocytes. To exclude a CD14 shedding resulting from an intracellular pathway triggered by HLE acting on another membrane structure, monocytes were fixed with 1% formaldehyde before any treatment. As shown in Figure 4 , activation of fixed cells with 15 nM PMA resulted in a total lack of CD14 shedding, as evaluated by flow cytometry analysis. As expected, nonfixed cells responded to PMA with a 58.7 ± 3.9% loss of the CD14 surface expression. These data clearly indicate that formaldehyde treatment hampered any CD14 shedding due to intracellular activation pathways, as is the case with PMA (23) . By contrast, when monocytes fixed with formaldehyde were subsequently treated with 3 µM HLE, analysis of MY4 binding still revealed a strong reduction of the CD14 molecule expression, with a value comparable to that observed upon HLE treatment of nonfixed cells. Under the conditions of fixation with formaldehyde, the CD14 surface expression was thus 18.4 ± 5.8% of the control value. Altogether, the foregoing experiments established that HLE caused neither internalization nor shedding through activation of monocytes, but pointed out a direct proteolysis of CD14 by this serine proteinase.
Measurements of CD14 in the extracellular medium of HLEtreated monocytes. Using an ELISA, experiments were next performed to estimate the quantity of CD14 released into the extracellular reaction medium of monocytes incubated with HLE. As shown in Figure 5 , CD14 was spontaneously released from nontreated monocytes during the incubation period, with a basal recovery of 6.1 ± 0.8 ng/ml (n = 7). After PI-PLC treatment, 30.5 ± 5.1 ng/ml CD14 was detected. By contrast, after HLE treatment CD14 was barely detectable in the extracellular medium, with a mean value of 2.6 ± 0.8 ng/ml. A possible explanation for this result was that HLE cleaved membrane-associated CD14 into fragments too small to be detected by the immunoassay.
1042
The Journal of Clinical Investigation | April 1999 | Volume 103 | Number 7
Figure 5
Measurements of CD14 in the extracellular medium of HLE-treated monocytes. Monocytes were treated with 3 µM HLE or 0.6 U/ml PI-PLC for 30 min at 37°C; at the end of the reaction, 20 µM eglin C was added. The extracellular medium was then analyzed for CD14 by ELISA. Data are means ± SEM of four to seven experiments with different donors.
Figure 6
Time course of the disappearance of recombinant CD14 upon incubation with HLE. Recombinant CD14 (0.25 µM) was incubated with 500 nM or 3 µM (where indicated) HLE for various time periods at 37°C. A mixture of 20 µM eglin C and 500 nM HLE was incubated for 2 h under the same conditions. Reactions were stopped with 20 µM eglin C, and samples were next analyzed for CD14 by ELISA. Data are means ± SEM of three distinct experiments.
Effect of HLE on soluble recombinant CD14. To check the above-mentioned hypothesis, 0.25 µM recombinant CD14 was reacted with 500 nM HLE for different time intervals between 15 minutes and 2 hours ( Figure 6 ). A time-dependent decrease of the immunoreactive CD14 was observed by ELISA, with a final detectable concentration of 1.5 ± 0.2 µg/ml after a 2-hour incubation. This must be compared with 7.3 ± 0.3 µg/ml, the concentration detected in untreated samples of recombinant CD14. A treatment with 3 µM HLE for 30 minutes reduced the concentration of CD14 to 0.8 ± 0.1 µg/ml, whereas eglin C prevented any disappearance of the initial CD14 amount. Thus, these data indicate that CD14 removed by HLE from the monocyte membrane is likely rapidly degraded into short peptides. In fact, this was directly demonstrated by immunoblot analysis of this same incubation of recombinant CD14 with HLE. As shown in Figure 7a , after HLE treatment the recombinant CD14 band disappeared in a time-dependent manner. The kinetic profile was strictly comparable with that obtained by ELISA ( Figure 6 ). Under these conditions, fragments with lower M r could be detected on films exposed for a longer period of time. As depicted in Figure 7b , two bands with M r ∼ 47,000 and 30,000 were revealed at 15 minutes. Interestingly, these two fragments progressively disappeared as the time of exposure to HLE increased.
Inhibition by HLE of TNF-α synthesis by LPS-activated human monocytes. TNF-α is one of the major proinflammatory and pleiotropic cytokines secreted largely by mononuclear cells (29) . As shown in Figure 8a , preincubation of human monocytes with 1 µM HLE for 30 minutes substantially reduced TNF-α formation triggered by 1 ng/ml LPS, with 5.9 ± 2.0 vs. 8.6 ± 1.1 pg/µg protein in the presence and absence of the neutrophil proteinase, respectively (n = 3, P < 0.05). This effect of HLE was concentration-dependent, with a much more marked effect upon pretreatment with 3 µM. Under the latter condition, TNF-α concentration was reduced to 2.2 ± 0.9 pg/µg protein (n = 3, P < 0.05), a concentration not significantly different from that recovered from resting cells. Again, the proteolytic activity of HLE was required for such an inhibitory activity, as shown by the lack of modification in TNF-α formation when monocytes were pretreated with 3 µM PMSF-inactivated HLE before LPS challenge.
The same experiments were conducted with a higher concentration of LPS, i.e., 10 µg/ml (Figure 8b ). This resulted in an increase of the inflammatory cytokine concentration in the supernatants compared with the amount released after stimulation by 1 ng/ml LPS. Under these conditions, pretreatment of monocytes for up to 30 minutes with 3 µM HLE did not significantly change TNF-α release (10.8 ± 1.7 vs. 13.1 ± 0.9 pg/µg protein in the presence and absence of the neutrophil proteinase; n = 3, P > 0.05).
Different types of binding proteins and receptors are known to be involved in the specific interaction and activation of monocytes by LPS (30) . The possibility of more than one pathway for the induction of cytokine synthesis is admitted when cells are stimulated by high concentrations of LPS. By contrast, when low concentrations of LPS, such as 1 ng/ml, are considered, only one pathway is likely to be involved, namely the CD14 pathway. In this case, activation of monocytes can be blocked by specific anti-CD14 antibodies (31) . In agreement with this finding, our results showed differences in the ability of the specific monoclonal anti-CD14 antibody MY4 to inhibit activation of monocytes induced by a low or a high LPS concentration. Whereas MY4 was able to inhibit activation of monocytes initiated by 1 ng/ml LPS, as assessed by TNF-α accumulation (Figure 8a ), this antibody was unable to affect this release upon cell stimulation by 10 µg/ml LPS (Figure 8b ). Note that a nonspecific control antibody, used at the same concentrations as MY4, did not show any inhibitory effects (Figure 8, a and b) . Hence, these data indicate that treatment of monocytes with HLE specifically suppressed the CD14-dependent cell activation pathway triggered by LPS.
Discussion
The present study demonstrates a downregulatory effect of a PMN enzyme, HLE, on the membrane expression of CD14, the main bacterial LPS receptor at the surface of monocytes (21) . This event depends on the enzymatic activity of the PMN proteinase but is independent of monocyte activation. Our investigation clearly demonstrated a direct and extensive proteolytic effect of HLE on membrane CD14, associated with the consequent release of multiple CD14 fragments into the extracellular medium.
Figure 7
Immunoblot analysis of the time course of HLE-treated recombinant CD14. Recombinant CD14 (0.25 µM) was incubated with 500 nM or 3 µM (where indicated) HLE for various time periods at 37°C. A mixture of 20 µM eglin C and 500 nM HLE was incubated for 2 h under the same conditions. Reactions were stopped with 20 µM eglin C, and samples were processed for CD14 immunoblot analysis using a 15% polyacrylamide gel. Relative molecular masses were calculated with respect to calibration-standard proteins included in the gel. (a) Membrane exposed for 1 min; (b) same membrane exposed for 2 h.
Such a proteolysis of cell surface-expressed molecules by HLE has been documented for other cell types. As an example for which mechanisms and specific cleavage sites have been delineated, our group has shown that this neutrophil enzyme proteolytically activates the platelet α IIb β 3 integrin through a cleavage at the COOH-terminus of the α IIb subunit (26) . In addition, we have reported the specific inhibition of the thrombin serpentine receptor through two cleavages in the NH 2 -terminal extracellular domain (14) . In both cases, a major peptidic part of the molecule remained associated with the cell membrane. Concerning CD14, our present data suggest that the entire peptidic portion, or at least a very large portion of CD14, is removed from the monocyte cell surface. This was evidenced by immunoblot analysis using a polyclonal anti-CD14 antibody that failed to identify any membranebound proteolytic fragments in cell lysates from HLE-treated monocytes. Furthermore, CD14 is remarkably susceptible to proteolysis by HLE. Indeed, we were unable to detect immunoreactive material in the extracellular medium, a result likely due to the formation of numerous small fragments that suggest the presence of a large number of proteolytic sites. This was supported by experiments using soluble recombinant CD14, which upon incubation with HLE generated fragments that were barely discernible by immunoblot analysis. This feature is very different from the physiological downregulation of CD14 expression mediated by endogenous enzymes released upon activation of monocytes by several agonists, which give rise to a single shed fragment with a molecular weight of 53,000 (22) .
To our knowledge, this study constitutes the first demonstration of a CD14 proteolysis by HLE, previous investigations having only studied an effect of trypsin, a related serine proteinase. Thus, Corrales et al. (32) demonstrated that the treatment of monocytes with concentrations of trypsin above 2 µM resulted in a reduction of CD14 expression. In contrast, two other studies established that CD14 was relatively resistant to digestion by trypsin (33, 34) . These latter observations may thus indicate a unique property of HLE. However, McGinley et al. (33) noted that chymotrypsin (as opposed to trypsin) was efficient and generated several moderately sized peptides. This may indicate a potential effect of another serine proteinase released from activated PMNs along with HLE, namely cathepsin G. This is a chymotrypsin-like enzyme that has also been shown to proteolyse like HLE, but through distinct sites of cleavage, different cell-surface molecules such as the Ibα subunit of the platelet glycoprotein Ib-V-IX complex (35) , and the endothelial or platelet thrombin serpentine receptor (14) .
Monocyte activation is a major event in the host immune response to LPS from Gram-negative bacteria. Upon stimulation with LPS, monocytes exhibit marked morphologic changes, enhanced phagocytic capacity, and increased bactericidal activity, a multiplicity of events beneficial for the host. Concomitantly, they release a plethora of mediators participating in the inflammatory process (36) . Activation of these phagocytes through CD14 leads to the activation of a number of intracellular protein kinases. In particular, a protein tyrosine kinase-dependent pathway is triggered, inducing activation of the nuclear transcription factor NF-κB (37) . This transcription factor regulates a broad set of genes encoding inflammatory molecules (38) such as TNF-α (39, 40) . TNF-α is a key cytokine in septic shock as shown in several experimental models (41) . It was, therefore, of great importance that our study demonstrated that a major consequence of the proteolysis of CD14 by HLE is a significant inhibition of TNF-α synthesis by monocytes. Thus, we observed that TNF-α formation was suppressed when LPS activated monocytes through CD14 (see below). We have also established that there was a good correlation between the extent of the downregulation of CD14 cell-surface expression and the inhibition of TNF-α synthesis at 1 and 3 µM HLE, respectively. In that context, note that it was previously shown that HLE proteolytically inactivates TNF-α per se (42) and cleaves the p75 TNF receptor (19) . Consequently, the present investigation adds another original and major mechanism to downregulate TNF-α participation in the inflammatory process. In a larger context, the modulation of CD14 expression by HLE implies an inhibition of the overall CD14-mediated signal transduction pathways with the suppression of the upregulation of a broad set of proinflammatory factors. However, the inhibition of LPSinduced TNF-α synthesis by HLE was only observed under specific conditions, i.e., when low concentrations
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The of LPS stimulate monocytes. The rationale is that high LPS concentrations induce gene expression and cytokine production via a CD14-independent pathway (43) . Indeed, under these conditions monocyte activation by LPS is known to result from interactions with molecules distinct from CD14, including the β2 integrins CD11b/CD18 and CD11c/CD18 (43), a 73-kDa protein (30) , or L-selectin (44) . In the present study, such a CD14-independent activation by LPS has been depicted using the monoclonal anti-CD14 blocking antibody MY4. Thus, in agreement with previous work (31), MY4 prevented the response of monocytes to 1 ng/ml LPS in terms of TNF-α release, but this inhibition was overcome by using 10 µg/ml of LPS. In that respect, it was crucial that pretreatment by HLE gave similar results. This, therefore, strongly argues that the site of action of HLE on LPS activation of human monocytes is specifically limited to the CD14 pathway.
Very recently it has been demonstrated that CD14 might mediate LPS-induced cell activation through interactions with the Toll-like receptor 2 (TLR2) (45, 46) . This molecule would be the long-sought-for transmembrane receptor bridging the GPI-anchored CD14 and intracellular signal transducing molecules (47) . As a consequence, HLE-induced inhibition of TNF-α synthesis might also be due to a cleavage of TLR2. However, two observations rule out this possibility. First, we observed a fairly good correlation between the proteolysis of CD14 by HLE and the inhibition of TNF-α synthesis (Figures 1  and 8 ). More importantly, TLR2 is activated by LPS in the presence of CD14, but when this latter molecule is lacking, TLR2 can still be activated as long as higher concentrations of LPS are used (45, 46) . This is consistent with our current findings. Indeed, and as already mentioned, HLE treatment or the presence of the CD14-blocking antibody MY4 precludes monocyte responsiveness to 1 ng/ml LPS (i.e., by inference) -when TLR2 needs CD14 to operate intracellular signaling -but not to 10 µg/ml LPS, when TLR2 can signal by itself, independent of CD14. From these considerations, one can conceive that a proteolysis of TLR2 is doubtful, and if effective, it is not of functional significance, leaving the cleavage of the CD14 molecule per se accountable for the inhibition of TNF-α synthesis upon HLE pretreatment.
The present data establish that PMN-derived HLE may contribute to inhibit LPS-mediated inflammation. This can be extended to other pathogen-derived molecules known to interact with CD14, including lipoteichoic acid (48) and peptidoglycans from Gram-positive bacteria (49) and lipoarabinomannan from mycobacteria (50) . These interactions also lead to cell activation. In addition, the downregulatory effect of HLE is likely to occur in vivo. Indeed, we previously evaluated that at the physiological blood concentration, activated PMNs may release up to 380 nM HLE into the surrounding medium (51) . It is known that under certain acute inflammatory conditions, the concentration of PMNs may increase by 14-fold in the peripheral circulation and even by 100-fold at inflammatory foci (52, 53) . This suggests that in a confined injuredtissue environment, much higher concentrations of HLE may be reached. As an example, concentrations of free catalytically active HLE in the epithelial lining fluid of patients with cystic fibrosis range from 1 to 80 µM with demonstrable elastolytic activity (54) . These enzymatic concentrations are well above the concentrations needed for CD14 proteolysis, even if one considers the presence of the surrounding antiproteinase screen. In fact, at inflammatory sites, close contacts between monocytes and PMNs may create a microenvironment that protects proteinases from their inhibitors. In addition, a recent study demonstrated a quantum release by PMNs of their azurophilic granule, resulting in pericellular concentrations of HLE approximately two orders of magnitude greater than the physiological concentrations of the proteinase inhibitors (55) . In support of the assumption that some free, active HLE is present in the circulation, it is important to mention that an HLE-specific fibrinopeptide is found in plasma of cigarette smokers and of individuals with specific pathologies (56) . Regardless, to our knowledge our study is the first to establish a direct proteolysis of the membrane CD14 expressed on monocytes by HLE and to illustrate a potential anti-inflammatory effect of this PMN-derived enzyme through inhibition of LPS-mediated cell activation.
